ne of the most serious problems facing research libraries today is the preservation of the materials that comprise their collections-materials that are deteriorating because of their chemical composition, the mechanics of their construction, and the effects of uncontrolled environmental conditions. Deterioration is a particularly critical problem in large libraries; where the age and size of the collections make evalu~tion and corrective action difficult. It has been estimated that more than six million volumes in the collections of the Library of Congress have deteriorated so badly they cannot be given to users without risk of irreparable damage;
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College & Research Libraries that as much as half of the collection has reached a similarly advanced state of disintegration. 2 During the past decade, several attempts have been made to explore this problem, and a variety of responses to it have been initiated. The first major study was conducted by the Association of Research Libraries; it attempted to "identify specific steps that might be taken . . . to work towards resolution of the many problems . . . brought on by the phy:sical deterioration of books and journals. "
3 Authors. treating this subject included Darling4 and Walker, 5 both of whom urged more complete documentation of preservation activities. Several major libraries, including New York Public, Columbia University, Stanford University, University of California at Berkeley, University of Michigan, Newberry, and Yale University libraries, have formed preservation units for the purpose of repairing and replacing damaged books and journals. Outstanding recent developments have been initiated by the Library of Congress, where a pilot project on the storage of information in digital form is under way and where the Preservation Research and Testing Office is conducting extensive research on the permanence of materials, practical methods for mass treatment of deteriorated books, and the effects of buffering agents on papers and inks.
Those institutions that have attempted to address the .preservation problem have been hampered by the lack of a detailed study to determine its scope. Although small, limited surveis were conducted at Stanford University and at several other academic libraries, a large-scale study had never been attempted. In 1979, the Preservation/Conservation group at Yale applied for and received a three-year grant from the National Endowment for the Humanities (NEH) to survey the Yale collection, evaluate the results, develop educational tools, and provide interns with advanced training in preservation/conservation procedures and theories. Additional support was provided by the Andrew W. Mellon Foundation. The grant was administered by project codirectors, Jane Greenfield and Gay Walker.
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The proposed survey was undertaken to determine the extent and nature of the deterioration of books in the Yale University Library system. This was a job of major proportions; Yale Library has the second largest collection of any academic library in the nation. In 1982, 7,725,424 volumes were held in forty separate library units. The records for that year show that more than one million volumes had circulated. This figure does not reflect in-house use of materials. In order to obtain results in which we could be confident, a very large sample-more than 36,500 volumes-was surveyed. Fifteen of the sixteen major libraries were divided into thirty-six subunits, each of which was treated separately in terms of its statistical framework and the generation of results. The surveyed libraries varied greatly in size, age, and nature of buildings and collections; environmental conditions; reader access; and circulation patterns. The following descriptions of some of the surveyed units illustrate this point.
The Sterling Memorial Library (the main library) houses approximately four million volumes, including some that date back to 1600. The collection has grown steadily since 1701, when the university was founded. Opened in 1931, the building has fifteen floors of stacks accessible to the Yale community, a centrally controlled heating system, and no air-conditioning. Among the subunits within the Sterling Library that were sampled separately was the Preservation Division. The 13,000 books held there represent the work flow of materials regularly sent to Preservation for repair, replacement, or reproduction. The 3,359-volume Statistics Library (the .smallest library sampled) is located in one room of what was once a private house, built in 1849. The Cross Campus Library, a two-floor, air-conditioned underground structure built in 1971, houses 150,000 volumes. This undergraduate collection receives the heaviest use of any within the library system. The Kline Science Library is comprised largely of twentieth-century periodicals and recent scientific texts (the older science materials are in the Sterling stacks). Because it was felt that rare books should not be tested for pH and brittleness, none were surveyed. The major unit omitted was the Beinecke Rare Book and Manuscript Library. Folios were also omitted because they are awkward to handle and are easily damaged.
SURVEY GOALS
The survey was designed to yield a detailed description of the collections in the discrete units of the Yale system; to examine the complex relationships between the nature of materials, their condition, and the environment in which they are housed; and to estimate how many volumes require immediate attention, how many will need attention soon, and what kind of attention will be needed. In order to gather the requisite data, the project codirectors devised a series of questions that could be used to evaluate books. Eight of these questions helped to establish the size of the preservation problem:
1. Is the primary protection (binding, box, or protective cover) intact?
2. Is the leaf attachment (sewing, gluing, or stapling together of pages) intact?
3. Is the paper very brittle (does the corner of a page break off after two double folds-i.e., after being folded in one direction, then in the opposite direction, twice)?
4. Is the paper very acidic (i.e., does a test using an archivist's pen filled with bromocresol green show the paper to be pH 5. 4 
THE PILOT STUDY
An important step in the construction of the Yale survey was a pilot survey, that is, a preliminary run-through on a small subset of the total number of volumes to be sampled. The pilot helped identify and eliminate problems in the sampling design (for instance, it was discovered that certain questions were worded ambiguously). A pilot study of 1,000 books in one stratum was carried out. This was anumber large enough to achieve the desired objectives but small enough so that the study could be done quickly and analyzed inexpensively.
The pilot study emphasized the need for the following: (a) a consistent method of locating books, e.g., by always moving clockwise around a range when counting sections; (b) detailed instructions on how to fill out questionnaires and guidelines for answering the questions; (c) a knowledge of book structure and the ability to recognize different methods of leaf attachment and the various materials used for book covering.
The educational program for the surveyors and the instructions for locating books and evaluating them · (see appendix B) were evolved during the trial run. A truck of books containing various binding styles and covering materials was assembled for each group of NEH intern surveyors to study. The surveyors also spent time in the stacks practicing evaluation techniques to standardize findings, and they attended a discussion session at which the 114 College & Research Libraries statisticians explained statistical theory. After a surprisingly short period of practice, each group was able to work smoothly and efficiently.
IMPLEMENTATION
Six groups of four interns each carried out the survey over the course of two and one-half years. Each group stayed at Yale for five months and spent close to half of each day surveying. The total time spent evaluating books was about thirty-eight hundred hours.
College Board form IBM-H45352 was used to record findings in a machine- March 1985 readable format. This procedure eliminated errors that are sometimes introduced when data must be input into a computer manually. An overlay of thin cardboard (figure 1) with windows cut out to expose areas where answers were to be recorded was placed on the survey form. The form and overlay were supported in correct relative position by a jig (figure 2) that also held finished forms, the thin cardboard strip used to measure gutter margin, #2 pencils needed to fill in the form, and an archivist's pen used to check pH. A short list of abbreviations for naines of countries (appendix C) was taped on The Yale Survey
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RESULTS

Appendix D gives the statistical analysis
Of the data gathered. The sample results for each of the fifteen libraries surveyed are presented in the tables in figure 3 . Findings for thirteen questions are expressed as percentages; answers to the question about tagging are omitted (this figure was always under 10 percent, as mentioned before). Great care was taken to obtain sufficiently large sample sizes to ensure that our estimates were accurate to within a few percentage points. The maximum standard error observed for each of the thirteen questions listed in the tables is given at the top of each column. Although the highest standard error in an entire unit was 2.58 percent (in the Statistics Library, where the smallest sample was taken), most were well under 1 percent. For questions with several possible answers, e.g., "How are the leaves attached?" only those answers comprising at least 2 percent of the total response in any stratum were included in the tables. The percentages, therefore, do not always add up to 100 percent in each category. Libraries having air-conditioning are indicated in the tables.
The following example illustrates how survey results should be interpreted. Refer to the first table in figure 3 The survey findings were very interesting-some because they confirmed previous estimates of the scope of the preservation problem, and others because they provided new data with which to analyze the problem. Salient aspects of these results are discussed below, question by question. (Because the Sterling sample was the largest, statistics from that collection are most often cited. Findings from other strata are mentioned when they are of particular significance.)
Is the Primary Protection Intact?
The data gathered in response to this question can help identify those collections that would be good candidates for rebinding projects. Findings also suggest levels of use and maintenance of a given 00.-t 1::: 
c: 
Is the Leaf Attachment Intact?
The condition of the leaf attachment suggests the levels of use and maintenance of a collection, as does the condition of the primary protection, but the implications of leaf-attachment problems can be more serious. The text blocks of books with broken leaf attachments must be resewn or reglued, procedures that are not possible when margins are narrow or paper is brittle. The condition of leaf attachments was reasonably good throughout the library system. As might be expected, 44.5 percent of the volumes in the Preservation Division had leaf-attachment problems, but percentages in the remaining units ranged from 0.6 percent to 9.6 percent.
Is the Paper Very Brittle?
The test for paper embrittlement produced the most significant results of the survey. Brittle volumes cannot be easily . rebound or repaired, cannot withstand photocopying or· heavy use, and would not benefit appreciably from deacidifica- 
Is the Paper Very Acidic?
The pH is important because of the established correlation between paper acidity and longevity. In general, the more acidic the paper, the more short-lived it is. Determining the percentage of acidic materials in a collection is useful for predicting long-range preservation needs. We measured acidity using a simple pH indicator. A small mark was made in the gutter margin of each book using a felt-tipped pen filled with bromocresol green. The . chemical is green when applied but turns blue within about thirty seconds if the pH of the paper is above 5.4. Since a pH of 5.4 or below is very acidic (i.e., well below neutral), the percentage of acidic books identified in the survey is conservative. We ~approached these results with some caution because color changes are sometimes hard to read in dim stack areas; however, the results did corroborate similar findings in other studies. In no library unit did more than 48 percent of the paper 
Is the Printed Area of All Pages Intact?
The identification of pages with tears or breaks extending into the text is significant because of the immediate potential for loss of information. The Periodical stacks showed severe damage; 11.3 percent of the books sampled had broken or torn paper. As might be expected, 47.4 percent of the volumes sampled in the Preservation Division had damaged paper. However, the results from all other units were low, e.g., only 2.2 percent of the books surveyed in Sterling showed damage to printed areas of pages.
Is the Book Mutilated?
Extensive mutilation suggests heavy reader use. The problem was moderate throughout the library system, with the exception of the Cross Campus Library, where 25 percent of the books sampled were mutilated. (The Cross Campus Library contains all class texts including items placed on reserve.) The Periodical stacks, the· Preservation Division collection, and the Music Library showed mutilation rates of 14.4 percent, 9.7 percent, and 9.9 percent, respectively, while all other collections showed rates of under 5 percent. These findings identify sites where augmented programs for reader March 1985 education are necessary.
Is the Book Damaged by Environmental Factors?
Damage to books caused by environmental factors (e.g., water, sunlight, mold, insects) indicates problems with physical housing, including building construction, environmental control, and housekeeping practices. As might be expected, the Preservation Division collection showed the highest rate of environmental damage (18.4 percent). Other collections showing high rate.s were the Classics Library (16.5 percent) and the Forestry Library (10.2 percent). The median for all strata was 2. 9 percent. Some collections have been repeatedly damaged by water from leaking pipes or windows, overflow from sinks, condensation from steam heating units, or rainwater seeping through walls and ceilings. In some undetected cases, mold had grown, exacerbated by high heat and humidity.
Does the Volume Require Immediate Treatment?
The results of this question identified those library units that have the greatest numbers of deteriorated volumes in need of immediate attention-that is, volumes with broken bindings, missing or damaged text, and/or broken leaf attachments. (Intact brittle materials were not included; only those already damaged were identified here.) Surprisingly, the percentage of books needing immediate treatment was much lower than we had believed. (We had estimated that roughly 30 to 40 percent of all items in Sterling would fall into this category.) Although 96.6 percent of the books surveyed in the Preservation Division collection needed immediate treatment, in no other library was this figure higher than 25 percent. In the Sterling stacks, only 13.2 percent of the materials fell into this category. It should be noted, however, that this percentage represents more than 400,000 volumes. More than 10 percent of the collections sampled in Sterling's Periodical stacks, and the Cross Campus, Art, Classics, Drama, Forestry, Kline Science, Law, Medicine, and Social Science libraries, were also identified as needing immediate treatment.
Is the Book Circulating or Noncirculating?
The question regarding circulation was included to determine whether there is a relationship between the condition of the books and circulation outside the library. Surprisingly, no clear correlation was found-need for treatment being more closely related to age and nature of the collection. For example, the Classics Library is a noncirculating collection but showed a high number of volumes needing treatment, while other circulating collections showed a low rate of damage.
What Kind of Primary Protection Does the Book Have?
Identifying and quantifying the types of primary protection (including bindings, boxes, envelopes, and wrappers) are useful for estimating the number of volumes in need of first-time binding and the number of acidic pamphlet binders that must be replaced by alkaline binders. The most common primary protection was the rigid binding (hard covers that provide firm support). The percentage of rigid bindings varied throughout the library system, from 45 percent to 96 percent. Also common were limp supports (paper or other flimsy covers) and acidic pamphlet binders. The percentage of limp bindings varied from 0.1 percent to 38 percent. In those few libraries where the number of limp bindings is high, a review of binding policies may be appropriate. The percentage of acidic pamphlet binders ranged from 0 percent to 36.9 percent throughout the system. The estimated number of these binders in Sterling alone was 396,800 (12.8 percent).
What Kinds of Materials Cover the Joint?
Identification of the materials covering the joints (the outer hinges) of books helps to describe library collections, particularly when it is coupled with information about condition. Because of the degree to which joints must flex, _ they are extremely vulThe Yale Survey 121 nerable to failure. The nature of the material covering the joint is therefore critical to the durability of the binding. Thirty-three percent of the books awaiting treatment in the Preservation Division were bound in leather. Since the highest percentage in any other collection was 7. 7 percent and the median was 1.7 percent, this finding suggests that leather is more fragile than other binding materials. (It is also difficult to repair.) The large number of books with paper-covered joints may represent a future binding problem, although many of the pre-nineteenth-century paper bindings have held up extremely well.
How are the Leaves of the Book Attached?
The method by which the leaves of a book are held together (e.g., sewingthrough-the-fold, oversewing, gluing) is an important factor in determining whether the book can be rebound if necessary. In all but two collections, volumes bound by sewing-through-the-fold (i.e., through the folds of the signatures) outnumber those bound by any other method. Volumes that are sewn through the folds not only open easily, but can usually be rebound provided the paper is still flexible. In the Mathematics Library and the Periodical stacks, oversewing and cleat sewing were more common. Both methods require trimming away the folds and some of the inner margin and can make it impossible to rebind a volume successfully. The percentage of adhesivebound volumes in collections with large holdings of new books proved the current popularity of this binding method. The Social Science Library had the highest percentage of adhesive-bound volumes (27.6 percent). Stab sewing, a method long used in pamphlet binding at Yale, was also widespread-ranging from 1.5 percent to 21.3 percent in the various collections, with a median of 5.7 percent.
What Is the Width of the Gutter Margin?
The width of the gutter margin was examined in order to estimate the percentage of books that could not be rebound readily by commercial methods, regardless of paper quality. A small strip of heavy paper was marked with a onecentimeter line and used to measure the narrowest inner margin in the book. (One centimeter was judged to be the minimum width required to rebind a volume easily. When margins are narrower, special care must be taken either to retain the original sewing structure, and thus all of the margin, or to trim and bind the pages with great care so as not to obscure text. Sometimes neither method is possible.) The highest percentage of books with margins less than one centimeter wide was found in the Mathematics Library (37.6 percent). Between 34.2 percent and 37.5 percent of · the books sampled in the Social Science and Geology libraries and in the Periodical stack collection had very narrow margins. These statistics suggest that when bindings fail, reproduction and replacement of materials will in many cases be the only available options.
The last column in figure 3 is a statistical description on the entire sample for the target population of five million volumes. The percentages were derived by weighting the results from the various strata based on their proportion of the whole and adding these results together. It should be remembered, however, that these systemwide statistics must be used with caution because they do not describe a coherent collection. Yale's library units are very different from one another, and the statistics gathered in each are probably best understood as separate studies.
INTERSECTIONS
Some of the most useful statistics resulted from determining the percentage of books that exhibited two or more of the characteristics isolated in the survey (e.g., how many books had both broken bindings and paper covers). The results of many of the most important intersections are given in figure 4 . Only statistics for the main research collection are given here due to space limitations. These results are shown in a mileage table format where the figures are read from both the horizontal -and the vertical axes. For instance in the first column, 66.7 percent of the books did not need treatment and had rigid bindings, 4.9 percent did not need treatment and had limp bindings, and 11.2 percent did not need treatment and had acidic pamphlet bindings; 8.4 percent did need treatment and had rigid bindings, 2.6 percent needed treatment and had limp bindings, and 1.6 percent needed treatment and had acidic pamphlet bindings. The figures for any given intersection may not add up to 100 percent since findings were purposefully omitted when a category (e.g., vellum joint coverings) made up less than 2 percent of the sample and when data were missing because of human error (e.g., the surveyor skipped a question).
All of the intersections that were analyzed proved interesting. Some of the more significant ones are discussed here. Not surprisingly, it was found that acidity and brittleness were directly related; although approximately 80 percent of the nonbrittle books were acidic, more than 99 percent of the brittle books were acidic. Similarly, while only 6 percent of the nonbrittle books needed treatment, more than 20 percent of the brittle books needed treatment. This latter group of books (around 285,000 when extrapolated to the entire Sterling collection) will probably need replacement or reproduction, rather than repair; the books that need treatment but are not brittle can probably be repaired or rebound. An estimated 592,000 volumes, or 18.8 percent of the sample, were brittle and had been oversewn, cleat sewn, or stab sewn. These volumes are particularly vulnerable to damage; even gentle use could easily result in broken pages. At the time of the survey, however, the leaf attachments in oversewn and cleat-sewn volumes were generally intact; only 2 percent of those sampled were broken. This contrasts with the other leaf-attachment types, where more than 5 percent were broken. Limp bindings were more prone to failure than other forms; 33.3 percent of all limp bindings were not intact, while 4.8 percent of rigid and 7.8 percent of acidic pamphlet bindings were not intact (around 49,000 of the total number of acidic pamphlet binders in Sterling 
... College & Research Libraries needed immediate replacement) . There was also a relationship between binding type and need of attention; while 11.2 percent of the rigid bindings and 12.5 percent of the acidic pamphlets needed attention, . 37.4 percent of the limp bindings needed attention. It should be noted, however, that the rigid ones needing attention formed the largest group in absolute terms (about 260,000 needing attention). A relationship between joint covering and need of treatment was also evident; only 10.1 percent of the books with cloth-covered joints required treatment, while 28.6 percent of volumes with paper-covered joints and 29 percent of volumes with leathercovered joints were in need of immediate treatment. Figure 5 shows the percentage of books sampled in the Sterling Library that were brittle (paper broke after two or four folds), broken down by date and by country of publication. Statistics from three geographic areas are plotted: the United States, Great Britain and Ireland, and Germany. The results were surprising in that papers older than expected are now embrittled. Paper from the early 1800s through the 1950s is now brittle, with the peak extending from 1860 to 1930. The sharp decline in brittleness by the end of the 1950s is probably not due to a major improvement in paper quality since high levels of acidity continue to be found, but because flexibility has not yet been lost. conditions. These instruments continuously recorded (onto paper charts) levels of temperature and relative humidity. The hygrothermographs were moved at least once a year so that as many sites as possible could be monitored, but they were left in place at each site long enough to record seasonal extremes. Findings from one site · (the top floor of the Sterling stacks) is shown in figure 6 . Rapid fluctuations in climate, and a significant deviation from ideal conditions, is apparent. Because of the established link between air pollution · and deterioration of paper and other library materials, the U.S. Environmental Protection Agency, Connecticut Air Quality Monitoring Division, was approached regarding pollution in New Haven. It is an urban area and has a bad problem, and though Connecticut is presently (1984) meeting the annual federal standards, for instance, for both sulfur dioxide and nitrous oxide, these pollutants tend to be concentrated in the city streets, including those surrounding the various library units, and there are still many days during The Yale Survey 125 the year when levels of pollutants are so high as to be "unhealthful," a category that does not meet federal health standards. In addition to the monitoring program and communication with the EPA, one group of NEH interns conducted in-depth environmental studies of each of the fifteen library units surveyed. Using information gathered during site visits and discussions with unit heads, they developed detailed descriptions of each unit and proposed solutions to problems. Although the climate in the five air-conditioned units (the Cross Campus, Engineering, Geology, Kline Science, and Social Science libraries) was fairly good, in general the environment both inside and outside the library buildings at Yale was found to be inhospitable to the storage of library materials.
CONCLUSIONS
The results of the Yale survey provide a detailed description of each of the surveyed collections. This profile includes the physical condition of each unit's holdings (e.g., the number of volumes requiring immediate treatment) and an analysis of the physical composition (e.g., the number of volumes bound in paper) and publishing history (e.g., the number of volumes published in the United States during the 1890s) of each collection. The data are of practical interest to local planners and of more theoretical interest to selection officers, administrators, and students of book publishing and collecting. The amount of statistical information available from such a large survey is tremendous, and other analyses in both areas of physical condition and collection description may be carried out in the future.
A large survey that details the collection's composition and preservation problems is a powerful planning tool. This study documents the preservation needs of theY ale University Library system, and our present efforts must be reviewed in this new light. The survey was large, with a sample of more than 36,500 volumes, quite accurate, and included library collections that varied widely in age, size, use, location, and environment. The overall size of the problem should influence the level of effort and funding devoted to it; budgeting increases over several years can be proposed and justified based on the hard data available from this survey. Specific library units of the fifteen surveyed have been identified as problem areas requiring either onetime projects (e.g., screening for commercial library binding candidates) or greater preservation efforts, for instance, an expanded searchand-replacement program. We can focus on those units as our program expands. We know that large numbers of items are irreparable and threatened with loss of text, and survey results support a more aggressive program-especially in increased control of the storage environment for many of the Yale collections. The most interesting results in terms of program development are the percentages of · books in need of immediate treatment (12.8 percent overall), with broken bindings (8.1 percent overall), with brittle pa-
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per (37.1 percent overall), and, for future planning, with acidic paper (82.6 percent overall).
Although this survey does not take the place of a local preservation survey that identifies environmental problems or specific candidates for treatment, it may be useful in estimating levels of deterioration at other libraries. The fact that many units of varying natures were surveyed as separate strata should allow libraries elsewhere with similar collections to identify results relevant to their own situations for local planning.
Furthermore, the survey design, the questions, and the implementation procedures described here may be particularly useful as working tools adaptable to different situations and needs at other libraries. The survey methodology was based on random sampling techniques; and the use of mapping, a presampling strategy, tagging, machine-readable forms, consistent surveyor training, and computer analysis increased the accuracy and efficacy of the actual surveying process.
For many years the preservation field has cherished those few statistics that attempt to set the parameters of the preservation problem. Many of these figures are based on educated guesses or small surveys combined with experience and common sense. For instance, the commonly quoted figures for both the Library of Congress and the New York Public Library appear in the introduction here, although both institutions are involved in new survey activities. Our rough estimate prior to the study that 30 to 40 percent of Yale's collection needed preservation attention turned out to be correct if those books needing attention include all books with brittle paper, an overestimate if it means only those books with immediate treatment problems, and conservative if it means all books with acidic paper. This large-scale survey provides one set of hard statistics in a number of different categories that presents a statistical microcosm of the various preservation problems and a _ sobering picture of book deterioration in a large research library.
METHODOLOGY AND PROCEDURES
Two statisticians from the Yale Statistics Department served as consultants for the project. They helped to plan and implement all aspects of the survey, carried out the pilot survey, analyzed the data, and wrote the statistical narration. Since time and monetary constraints made it impossible to examine every volume in the Yale system, a random sample representative of the entire collection was constructed. (For a simple random sample, every volume in the target population must have an equal chance of being selected for sampling.)
The basic principles of sampling within the library framework have already been treated in the literature.* However; the structure of the sample needed to examine the books in a large academic library is more complicated than those of the surveys previously conducted. Although the Yale survey, like others, used a random sampling technique, the sampling also took into account particular attributes of each library unit being studied. A stratified sampling designt was used whereby the entire library system was divided into strata. Each departmental and area library comprised a different stratum, and reference and reading rooms were often broken away from the main collections because of their peculiar characteristics. The Sterling Memorial Library was subdivided so that each floor, and several of the special units (the Periodical stacks, the Main Reading Room, and the Preservation Division), were studied as separate strata. Thus, the location, environment, reader access, and general level of maintenance within strata were similar, while the characteristics of one stratum could be quite different from those of another.
In order to sample the collections in these strata randomly, a sampling frame was built. A sampling frame is a systematic, usually hierarchical method for giving each member of a target population a unique label, the label usually being a number or a series of numbers. tOur sampling frame was based on floor plans of each stratum showing all stack ranges and the number of sections in each range. Random numbers based on these plans were generated by computer. Each nine-digit code identified a particular book by stratum (two digits), range number (two digits), section number (two digits), shelf number (one digit), and book number (2 digits). All random numbers were sorted in hierarchical order so that the surveyor could move in a logical progression through a given stack area.
The numbers identifying ranges, sections, and shelves had identifiable maximlliJ1.8 based on stack configurations. For example, stratum fourteen may have had forty ranges with no more than twelve sections per range, each section having no more than seven shelves. The number of books on a shelf, however, tended to vary from 0 to as high as 150 in some cases. For reasons of efficiency, an artificial book-per-shelf maximum of 30 was chosen. This was found to be usually as large as, or larger than, the average number of books per shelf in each stratum. The computer-generated random numbers corresponding to book position, then, went no higher than 30. Mapping (i.e., annotating floor plans so that empty ranges and sections were not included in the sampling frame) was used to make the sampling procedure more efficient. So that books with shelf positions exceeding 30 were allowed to enter the sample, a tagging procedure was devised. The sample that resulted from this design was an approximate simple random sample of the target population.
If the random numbers designating book positions went up to, say, 150, the frame would have encompassed the entire target population and resulted in an exact simple random sample of the target population. However, it also would have enlarged the sampling frame to such a degree that the hit rate would have been drastically lowered. That is, only rarely would one find books in the positions identified by the higher random numbers designating book positions, since most shelves contained thirty or fewer items. The enlarged sampling frame would also increase the surveyors' work load and introduce more opportunity for errors.
Tagging (i.e., systematic subsampling) worked in this way: every time a book was sampled, the thirtieth book on the same shelf beyond the one identified by the random number was also sampled (if it existed). For instance, if the book identified by the computer printout was the seventh from the lefthand edge of the shelf, the thirty-seventh, sixty-seventh, and ninety-seventh books were also sampled if present. This procedure ensured that unusually full shelves were not undersampled. We tried to keep the proportion of tagged books in the sample at 10 percent or less as a safeguard against any possible "long-shelf" effects. In some subunits we could do this by adjusting the book-per-shelf limit to a more appropriate value for that unit. Tagged books were identified as such on survey forms in order to track percentages.
Once the frame was completed, we needed to determine the required sample size and how many random numbers to generate. In this survey, the chosen sample size was a function of the desired accuracy. In a simple dichotomous situation, for example when determining the percentage of books with an intact text, the standard error associated with the sample proportion of books with intact text is no greater than 1/(2..Jn), where n is sample size, and we can ignore the finite population correction (fpc).* Hence, a sample of size 1,600 would give us an estimate of the proportion of books in the library with intact text and a standard error no greater than 1/80 or 1.25 percent. This would mean that we could be fairly confident about placing the proportion of books with intact text in an interval of the form: sample proportion ± 2.5 percent. We also needed to select enough books to analyze the condition of library holdings in terms of several variables, e.g., what proportion had brittle paper and also needed repair? In general, this necessitated taking large samples, usually between 1,000 and 2,000 books in a stratum.
Once sample size (n) was determined, we could calculate how many random numbers (k) had to be generated in order to sample the desired number of books by solving (k)(r) = n (where r equals the hit rate). For example, if the sample size required was 1,600 and the hit rate was known to be 50 percent, then one would generate 3,200 numbers inside the sampling frame. Unfortunately the hit rate can only be guessed at beforehand, and it tends to vary from stratum to stratum. An underestimate of the hit rate would produce an unnecessarily large sample, while an overestimate would produce too small a sample. This problem was addressed at Yale by developing a presampling strategy. For each stratum · the statisticians generated between 200 and 500 random numbers inside the respective frames. By recording whether a book was to be found at each location specified by the number, and by recording any tagged books that would result, they were able to determine the presample hit rate. This served as an estimate of the hit rate (r) that coUld be expected in the actual survey sample and was used in the equation (k)(r) = n to determine k. Because presample hit rate is not an exact predictor of r, and because r affects the ultimate size of the sample, the actual sample sizes we observed were close but never equal to the desired sample sizes. The actual sample size usually fell within 50 to 100 books above or below the desired sample size. *See Cochran, Sampling Techniques, p.24-25.
